particular, gas chromatography-olfactometry GC-O analysis, including aroma extract dilution analysis AEDA and CharmAnalysis, has been used to identify the potent odorants in herbs.
In the present study, quantitative determination of the volatile components of S. laeteviolacea was achieved by means of S. laeteviolacea two internal standards, and their characteristic flavor components were examined by GC-O analysis.
Gas chromatography GC and gas chromatography-
mass spectrometry GC-MS GC and GC-MS were performed with an Agilent Technologies 6890 chromatograph equipped with a flame ionization detector FID on a capillary column HP-5 30 m 0.25 mm i.d., film thickness 0.25 μm and DB-WAX 15 m 0.25 mm i.d., film thickness 0.25 μm . The oven temperature was programmed to change from 40 to 260 at 4 /min and held at 260 for 5 min. The injector and detector temperature were 270 and 280 , respectively, with the actual temperature in the MS source reaching approximately 230 , and the ionization energy was 70 eV. The mass range was 39-450 amu. After 6 mg of oil was diluted with 500 μL of diethyl ether, 1 mL of the solution was injected, and the split ratio was 1:10.
The flow-rate of the carrier gas helium was 1.8 mL/min. Peak areas were quantified using a computer integrator 9 11 .
2.4 Gas chromatography-mass spectrometry/olfactometry GC-MS/O GC-MS/O was carried out with an Agilent Technologies 6890-Agilent Technologies 5973A-Olfactory Detection Port 2, using a capillary column HP-5MS, 30 m 0.25 mm i.d., film thickness 0.25 μm . The column temperature was programmed to change from 40 to 260 at a rate of 4 /min and held at 260 for 5 min. The injector and detector temperatures were 270 and 280 , respectively. The flow rate of the carrier gas helium was 1.8 mL/min, with the actual temperature in the MS source reaching approximately 230 , and the ionization voltage was 70 eV. The acquisition mass range was 39-450 amu. The Chemistation software acquired two channel signals simultaneously: one for MS, and the other from the olfactometer signal board. A signal sniffer, the author, recorded the character manually.
Aroma Extract Dilution Analysis AEDA
The flavor dilution FD -factor of the odorants in the essential oil was determined by aroma extract dilution analysis AEDA of the following dilution series 12, 15 20 . The highest dilution was defined as an FD-factor of 1 10 mg/ mL . The oil was diluted stepwise 1:1, v/v through the addition of diethyl ether. Aliquots were then analyzed by GC-MS/O on the capillary column HP-5MS 9, 11 . The highest dilution at which an individual component could be detected was defined as the FD-factor for that odorant. On the basis of the AEDA results, relative flavor activity RFA was calculated using the equation reported by Song et al.: 12, 19 22 .
RFA log FD factor 2 n /S 0.5 where 2 n is the FD factor and S is the weight percentage of the component 23 27 .
Identi cation and quanti cation of components
The identities of the components were confirmed by comparing mass spectral data from Wiley, Mass Finder 2.1 Libraries, published data 28 , the results of our previous studies 13, 29 40 , and Kovats retention indices RIs with those of the standards or RIs reported in the literature. RI were calculated using a series of n-alkanes C8-C27 on two columns of different polarities. The quantitative analysis was performed by means of the internal standard addition method alkanes C12 and C19 . The volatile oil was diluted 100 times using diethylether to achieve a volume of 1 mL volume, and 5 μL of a C12 and C19 mixture solution 1 mg/mL was added to the diluted oil. The prepared samples were subjected to GC-MS and GC analyses. The quantitative analysis was performed on the basis of calibration curves for E -3-hexen-1-ol 2 , 1-octen-3-ol 7 , 3-octanol 8 , 3-carene 18 , α-copaene 32 , β-caryophyllene 41 , germacrene D 50 , germacrene B 52 , δ-cadinene 55 , carotol 67 , τ-muurolol 80 , and α-cadinol 82 within the concentration range 0.5-1000 μg/mL. The weight-percent of each compound was calculated with the response factors to the FID.
RESULTS AND DISCUSSION

Volatile components of essential oil from S. laeteviolacea
In the GC and GC-MS analyses of the essential oil from S. laeteviolacea 100 compounds, representing 99.11 of the total oil, were characterized. Seventeen peaks were confirmed by sniffing with GC-O. The detected constituents of the essential oil from S. laeteviolacea are shown in Table 1 , together with their peak percentage w/w on the basis of the HP-5 column and classification according to their functional groups. The data are the mean values of triplicate results. The components are listed in order of their elution on the HP-5 column. The gas chromatogram and FD chromatogram of the essential oil from S. laeteviolacea are shown in Fig. 1 . . Terpene hydrocarbons were predominant in the essential oil from S. laeteviolacea. Among the oxygenated compounds, 33 alcohols were identified. Monoterpene alcohols accounted for 0.33 , of which α-terpineol 0.12 and geraniol 0.10 were the major components. Sesquiterpene alcohols accounted for 4.66 , of which α-cadinol 1.82 , carotol 1.21 , and δ-cadinol 0.99 were the major components. Khusimone 0.39 was the principal ketone component of the S. laeteviolacea volatiles. Two esters 0.04 and two acids 0.12 were detected from this oil. 
Aroma Extract Dilution Analysis AEDA .
AEDA is a human bioassay the for determination of the odor activity of each compound in a mixture by sniffing the GC effluent through a series of dilutions. Each volatile component is separated by GC, and the odors are determined at the sniffing port of the GC-O apparatus. Odor descriptions of the compounds detected with GC-O are given in Table 2 . As shown in this table, the FD factor range of each peak was between 1 and 7.
1-Octen-3-ol, β-caryophyllene, germacrene D, and germacrene B showed the highest FD factor of 7, and 3-carene and α-copaene showed an FD factor of 6. The odor-active volatiles in the S. laeteviolacea volatiles are given in Table  2 . Very small peaks such as those of β-caryophyllene, germacrene D, and germacrene B on the gas chromatogram were detected as predominant peaks FD factor of 7 on the FD chromatogram in Fig. 1 .
The high FD factors of these compounds may result from the high concentrations of the compounds in the essential oil from S. laeteviolacea.
The GC-O technique of AEDA is based on the determination of odor threshold values of the volatile components eluted from the GC column. Higher FD factors are often related to the top note of the aroma. However, the FD factor also depends on the concentration. Therefore, the relative flavor activity was also determined as a more realistic expression because the FD factor does not always coincide with the characteristic odor-active compounds. 1-Octen-3-ol is the most predominant component 59.8 mg/ kg of fresh weight , and its FD factor is as high as 7. However, 1-octen-3-ol showed a low relative flavor activity of 0.4, which means that it is of little importance in the essential oil from S. laeteviolacea. α-Copaene and τ-muurolol showed high relative flavor activities ≥ 1 . On the basis of an estimation of the relative flavor activity 10, 26, 27 , these compounds are regarded as important contributors to the flavor of S. laeteviolacea. These results suggest that minor components often contribute significantly to the characteristic flavor.
Sniff testing is used not only for AEDA but also for expressing the aroma character of each component. In general, the organoleptic response to a compound depends on its concentration. The FD factor or relative flavor activity has proven to be useful criteria for the reconstruction of the original aroma from the odor-active compounds detected by AEDA. The concept of relative flavor activity used in this study was defined as a new odor unit calculated through the use of FD factors instead of odor threshold values. However, the FD factor and relative flavor activity often have no relation to the aroma character of a compound. In other words, even if the FD factor of one compound is not comparatively high, it often contributes significantly to the original odor. Thus, the sniff test of the original essential oil by on-line GC is an effective means of determining the character impact odorants of an aroma. As shown in Table 2 , 1-octen-3-ol peak 7 , α-copaene peak 29 , β-caryophyllene peak 41 , germacrene D peak 50 , and germacrene B peak 52 were estimated as having an S. laeteviolacea-like odor in the sniff test.
In this study the character impact odorants of S. laeteviolacea were screened first by FD factor then, the relative flavor activity was not used for the determination of the characteristic flavor components but for consideration of the relative contributions to the flavor activity. Thus, the sniff test of essential oil from S. laeteviolacea was adopted t h r o u g h t h e u s e o f o n -l i n e G C . 1 -O c t e n -3 -o l , β-caryophyllene, germacrene D, and germacrene B, which were evaluated as S. laeteviolacea-like odors by the sniff test, had the highest FD factor of 7. α-Copaene, having an FD factor of 6 and a relative flavor activity of 2.1, was also regarded as an odor-active compound of the essential oil from S. laeteviolacea. From the results of careful sniff testing, it was found that germacrene D had the odor most similar to that of S. laeteviolacea, although its relative flavor activity was low 0.5 . From these experiments, it is concluded that comprehensive evaluation of the flavor should be accomplished by simultaneous chemical and sensory analyses.
The results reported here suggest that 1-octen-3-ol, α-copaene, β-caryophyllene, germacrene D, germacrene B can be regarded as the character-impact odorants of the essential oil from S. laeteviolacea, and that germacrene D has the most odor-active character of the S. laeteviolacea aroma. Compounds are listed in order of their elution time from a HP-5MS column. b) μg/kg given for 1 kg plant materials. These values w ere computed from the volatile oil yield and GC peak area. c) Odor description at the GC-sniffing port. d) FD-factor : flavor dilution factor using AEDA method (FD-factor1-5mg/ ml). e) RFA; relative flavor activity = log FD factor (2 n )/S 0.5 , w here S is the w eight percentage. f) The sample concentration (12 mg/ml) w as assigned an FD factor of 1.
